Abstract: A pot experiment was conducted to study the effects of different concentrations of selenium (Se) on photosynthetic pigment content of Perilla frutescens. The results showed that Se treatment had significant effect on contents of chlorophyll a, chlorophyll b, carotenoid and total chlorophyll. With Se concentrations increased, the photosynthetic pigment content showed a different trend. However, as a whole, the content of photosynthetic pigments tends to decrease. When Se concentration was 0 mg/kg, contents of chlorophyll a, carotenoid and total chlorophyll reached the peak. However, chlorophyll b content reached the peak when Se concentration was 5 mg/kg, which increased by 10.13% compared with the control. Therefore, Se can reduce the photosynthetic pigment content of P. frutescens. When Se concentration was low, P. frutescens reaction was not obvious, but with the increase of the concentration, the photosynthetic pigment content significantly reduced.
Introduction
Perilla frutescens is an annual bush, growing to a height of 4 feet [1] , which is a traditional crop of Korea, China, Japan, India, Nepal, and Thailand. It is cultivated for its essential oils and medicinal uses [2] . Selenium (Se) is a naturally occurring element essential to some organisms, including bacteria, some green algae and mammals. Although higher plants do not require Se, they take it up due to its chemical and physical similarities to sulfur [3] . For higher plants, Se is beneficial at low concentrations, but elevated levels of this element can cause toxicity [4] . For nonaccumulator plants like Arabidopsis thaliana, tissue Se concentrations higher than 2 mg/kg cause toxicity [5] and can result in an approximately 10% reduction of biomass yield without the appearance of visible symptoms [6] . Se treatment also has effect on photosynthetic pigments accumulation. In salt-stressed condition, Se could increase in photosynthetic pigment concentration. Research has shown an increase in chlorophyll a and b, carotenoid contents as well as the net photosynthetic rate [7] [8] . In addition, lower Se dose (6 mg/kg) improved the plant growth mainly by enhancing photosynthesis, stomatal conductance, carboxylation efficiency and Rubisco content in the flue-cured tobacco leaves. However, the inhibition of excess Se on tobacco growth might be due to high accumulation of Se in roots and the damage of photosynthesis in leaves [9] . Therefore, this experiment used different concentrations of Se to study the changes of photosynthetic pigment of P. frutescens in Se-contained soil.
Materials and Methods

Materials.
The experiments were conducted at Sichuan Agricultural University (30° 42′ N, 103° 51′ E), Wenjiang, Chengdu, Sichuan, China. P. frutescens seeds are purchased from the market. Se is purchased from Chengdu Kelong chemical reagent factory. All chemicals used in experiments were of analytical grade.
Experimental Design. The soil samples were air-dried and passed through a 5-mm mesh in April 2017, and then 3.0 kg of soil was weighed into each polyethylene pot 18 cm × 26 cm (height × diameter). Na2SeO3 solution was added to the soil to divide the Se content into 0 (control), 5, 10, 25, 50, 75 and 100 mg/kg. The soils were mixed immediately and again after 4 weeks, during this period soil moisture was kept at 80%. Seeds were sterilized in 10% Na3PO4 solution for 5 min, rinsed in distilled water five times, and were placed on 9-cm-diameter Petri dishes with three layers of filter paper moistened with distilled water and germinated at 25 ℃ in darkness. Seeds were considered germinated when the seed coat was broken and a radical was visible. After germination, seeds were planted in seedling tray filled with nursery substrate. When the third leaf expanded, uniform seedlings were transplanted into the previously prepared polyethylene pots, four plants seedlings per pot, each treatment repeated three times, randomly placed, and routinely administered. After one month of plants growing, the upper mature leaves were collected to determine the chlorophyll a, chlorophyll b and carotenoid content [10] .
Statistical Analyses. Statistical analysis was carried out by using SPSS 20.0 statistical software. The data were analyzed by one-way ANOVA, with the least significant difference at the 5% confidence level.
Results and Discussion
Chlorophyll a Content of P. frutescens. Chlorophyll a content of P. frutescens gradually decreased with increasing Se concentration (Fig. 1) . And the difference between each treatment was extremely significant. Compared with control, when Se concentrations were 5, 10, 25, 50, 75, 100 mg/kg, chlorophyll a content decreased by 3.80%, 6.90%, 15.90%, 18.60%, 32.50% and 36.40%, respectively, compared with control.
Chlorophyll b Content of P. frutescens. Se treatment had significant effect on chlorophyll b content (Fig. 2) . Within the range of 0 -100 mg/kg, chlorophyll b content increased firstly and then decreased with the increase of soil Se concentration, and reached the peak when soil Se concentration was 5 mg/kg, which increased by 10.13% compared with the control. However, when Se concentrations were 25, 50, 75, 100 mg/kg, chlorophyll b contents were lower than control, which decreased by 17.26%, 13.11%, 22.79% and 21.81%, respectively, compared with control. Fig. 1 Chlorophyll a content of P. frutescens Fig. 2 Chlorophyll b content of P. frutescens Carotenoid Content of P. frutescens. Se treatment had significant effect on carotenoid content (Fig. 3) . With Se concentrations increased, carotenoid content decreased firstly, and then increased, decreased lastly. In addition, when Se concentration was 0 mg/kg, carotenoid content was the highest. Compared with control, when Se concentrations were 5, 10, 25, 50, 75 and 100 mg/kg, carotenoid content decreased by 2.29%, 8.17%, 10.52%, 2.71%, 20.05% and 26.11%, respectively, compared with control.
Total chlorophyll content of P. frutescens. With the increase of Se concentration, total chlorophyll content showed a downward trend (Fig. 4) . Total chlorophyll content when the Se content was 5 mg/kg was not significantly different from the control. When Se concentrations were 10, 25, 50, 75 and 100 mg/kg, total chlorophyll contents decreased by 6.98%, 14.71%, 15.64%, 30.30% and 34.36%, respectively, compared with control. 
Conclusions
Under Se treatment conditions, photosynthetic pigment content showed a different trend. With increasing Se concentration, chlorophyll a content and total chlorophyll content decreased, and the chlorophyll b content increased firstly and then decreased. Carotenoid content and chlorophyll a/b decreased firstly, and then increased, decreased finally. When Se concentration was 0 mg/kg, contents of chlorophyll a, carotenoid and total chlorophyll reached the peak. However, chlorophyll b content reached the peak when Se concentration was 5 mg/kg. In conclusion, Se can reduce photosynthetic pigment content of P. frutescens. When Se concentration was low, P. frutescens reaction was not obvious, but with the increase of the concentration, photosynthetic pigment content significantly reduced.
